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2,500 TO 40,000 KILOWATTS 


Since developing the impulse-type turbine in 1902, 
the General Electric Company has designed, built, and 
placed in service over 63,000,000 kilowatts in turbine- 
generators, and more than 45,000,000 horsepower in 
turbines for ship propulsion and mechanical-drive 
applications. 

In many of these installations General Electric 
pioneered with its customers the application of new 
engineering developments, new product features, and 
new manufacturing techniques which have resulted 
in the high efficiency of today's turbines and genera- 
tors. This ever-increasing efficiency has helped elec- 
tric utilities produce electric power at constantly de- 
creasing costs, and enabled industrial firms to enjoy 
greater economy where turbines are coordinated with 
plant processes. 

Most of the turbine-generators described in this 
bulletin represent new designs which are the result 
of close co-ordination of research, engineering, and 
experienced manufacturing. 


The extreme flexibility of G-E turbine design permits 
the successful application of turbines to an almost un- 
limited variety of operating conditions; this means 
that you can get a turbine to meet your precise re- 
quirements. 

The turbine types vary from those designed for 
straight condensing or non-condensing operation, to 
those arranged for both extraction of steam for proc- 
ess work and the admission of steam from low-pres- 
sure sources. 


Each unit is custom-built to meet your particular 
application requirements and to operate under your 
steam conditions, giving greatest economy in fuel con- 
sumption relative to power output. 

In selecting turbine-generators, it is desirable to 
take advantage of the experience of General Electric 
application engineers, who will gladly work with you 
to determine the correct turbine for the job, and help 
you get more for your turbine dollar with General 
Electric turbines. 


Line-up of General Electric turbine-generators producing power for 
pot-lines in an aluminum plant. 
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INDUSTRIAL APPLICATIONS 


Manufacturing and processing indus- 
tries that can economically generate 
their own electric power have long con- 
sulted with General Electric on turbine- 
generator applications. 

General Electric pioneered in the de- 
velopment of single, double, and triple- 
automatic extraction turbines to meet 
the complicated factors involved in 
plant heat balance. Highly accurate 
governing systems have been engineered 
to handle widely fluctuating demands 


triple-automatic-extraction turbine-generator producing power and furnishing extraction steam for plant process uses. 


for both electric power and process 
steam. Compact designs have been built 
to provide ease of installation in exist- 
ing plant facilities. 

In these areas, and many more, Gen- 
eral Electric turbine designers are ad- 
vancing the art of industrial power gen- 
eration. They are supplemented by en- 
gineers in the field who are ready to 
adapt these developments to your par- 
ticular needs. 





A straight condensing steam turbine is 
usually applicable when these conditions 
exist; 

1. Power generation is the main re- 
quirement. 

2. There is little or no need for proc- 
ess pressure steam. 

3. Cooling water is available for 
condensing exhaust steam. 

To increase plant efficiency, condens- 
ing turbines are usually arranged to ex- 
tract steam from intermediate stages of 
the turbine to heat the boiler feed water. 
Flexible G-E designs provide the opti- 
mum arrangement for extraction open- 
ings to obtain high cycle efficiencies. 

In the 2,500 to 40,000-kw size range, 
straight condensing turbines are de- 
signed to operate on steam conditions 
up to 1450 psig and temperatures up to 
1050 F for maximum economy. 
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Installation, of G-E straight condensing steam turbine-generator. 
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Sectional view of General Electric straight condensing steam turbine. 








CONDENSING DOUBLE FLOW 


The condensing double flow exhaust is 
used with larger turbine-generators to 
provide greater efficiency. This unit 
handles the large steam flow by splitting 
it into two parts. This is the most eco- 
nomical arrangement for producing low 
gost power. 


Such features as the following help 
assure the efficiency and long life of 
G-E turbines: 


1. A flexible expansion bend at the 
joint between the high pressure and low 
pressure section of the turbine assures 
tight joints between the head and ex- 
haust casing throughout the life of the 
machine. 


2. Moisture removal devices in the 
low pressure stages help protect against 
erosion. 


3. A turning gear in the larger tur- 
bine-generators facilitates easy starting 
and assures turbine shaft alignment, 


4. The design of General Electric 
impulse turbines is such that the unit 
requires less space, thereby reducing 
station space requirements. 


5. Heat chamber separator designs 
isolate the high-temperature nozzle por- 
tion of the unit from the casing. This 
helps protect against distortion and mis- 
alignment of the unit. 
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Sectional view of General Electric 40,000-kw double flow condensing steam turbine. 





SINGLE AUTOMATIC 


Single-automatic-extraction, condensing 
steam turbines are applied where: 


l. Large and variable amounts of 
process steam are required and 

2. where cooling water is available 
for condensing exhaust steam. 

Even when the load on the unit fluc- 
tuates and the flow of extracted steam 
varies, the pressure of extracted steam 
is automatically held constant, Desired 
pressure of extracted steam can be set, 


GENERAL ) ELECTRIC 


Sectional view of General Electric double-automatic-extraction, 


condensing steam turbine. 


Installation of General Electric single-automatic-ex- 
traction, condensing steam turbine-generator i 
electric utility. 





EXTRACTION CONDENSING 


and the turbine automatically holds that 
pressure. 

Single extraction condensing turbines, 
2,500 to 40,000-kw, are available for 
steam conditions up to 2400 psig and 
1050 F. 

Five types of valve gear and an ac- 
curate governing system capable of 
holding pressure constant over a wide 
range of steam demands, make General 
Electric automatic-extraction steam tur- 
bines available for a variety of applica- 
tions. 
















Inlet Control Valve 


DOUBLE AUTOMATIC EXTRACTION CONDENSING 


Double-automatic-extraction, condensing 
steam turbines are applicable where: 

1. Extracted steam, at two different 
pressures, is needed for your industrial 
processes. 

2. Where cooling water 15 available 
to condense exhaust steam. 

3. Where electrical loads vary. 


Extraction Control 
Valve Gear 


4. Where there is wide variation in 
the quantity of steam required. 


General Electric’s extraction govern- 
nor is capable of holding extracted pres- 
sures extremely accurately, even when 
process requirements vary either to- 









Spool Type Valve 


gether or independently, and when the 
electrical load varies. 

G.E.'s automatic-extraction-turbines 
are in use in a great number of indus- 
tries, such as paper, textile, chemical, 
petroleum, lumber, steel, food and 
wherever process steam requirements 
are high. 
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TRIPLE 


AUTOMATIC EXTRACTION CONDENSING 





First triple-automatic-extraction steam turbine-generator was built by General Elec- 
tric, This unit furnishes extraction steam for process use at three different pressures. 


Triple-automatic-extraction condensing, 
turbines are used where: 

1. Process steam is required at three 
different pressures or any combination 
of four total steam pressure levels. 

2. Cooling water is available to con- 
dense exhaust steam. 

3. Electric load varies. 


4. Process steam requirements vary 
widely. 


A turbine of this type is particularly 
valuable when there is an expansion of 
an existing plant, requiring more elec- 
tric capacity and an increase of three 
process steam flows. The use of this tur- 


bine and one boiler satisfies all these 
demands. 

This unique General Electric unit 
can be used to maintain a steam balance 
over almost any variety of operating 
conditions. In addition, these extraction 
openings can be used as admission open- 
ings where required. 


STRAIGHT NONCONDENSING 


Straight noncondensing steam turbines 
are often applied when: 
1. There is a demand for large quan- 
tities of lower-pressure steam at one 
pressure for process or other uses, and 
2. where the unit can be operated in 
parallel with other units which can ab- 
sorb load variation. Installation of General Electric straight 
A noncondensing turbine is in the noncondensing steam turbine-genera- 
majority of cases controlled by a pres- tor in а stool plant; 
sure governor which maintains the de- 
sired pressure of the process steam ex- 
hausted from the turbine by automati- 
cally adjusting the load on the unit. If 
demands for process steam fall off with- 
out a corresponding reduction in total 
plant load, it is necessary that part of 
the load be carried by other units. 
Noncondensing turbines are also in- 
stalled in topping arrangements exhaust- 
ing to existing generating equipment to 
increase over-all plant efficiency and 
output. 
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Sectional view of General Electric straight noncondensing steam turbine, 
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SINGLE AUTOMATIC EXTRACTION NONCONDENSING 


Single-automatic-extraction, noncondens- 2. Higher pressure steam can be аге regulated by pressure governors 


ing steam turbines are often applied supplied by extraction, and lower pres- and generally the turbine is operated in 


à where: Ç parallel with another source of power 
1. There is continuous demand for tres furnished by exhaust steam, which is capable of taking care of fluc- 
process steam at two pressures, The exhaust and extraction pressures tuations in the load. 
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DOUBLE AUTOMATIC EXTRACTION NONCONDENSING 


Double-automatic-extraction, noncondens- 
ing steam turbines can be applied where: 





1. There is continuous demand for 
low-pressure exhaust steam and 


2, there is a requirement for process 
steam at two higher pressures. 


The turbine control system is de- 
signed to maintain all of these pressures 





as desired regardless of fluctuations in 
the various process requirements. The 
unit is usually operated in parallel with 
other sources of power to supply the de- 
mands for electricity in case of reduced 
process steam requirements. 

The extreme flexibility and accuracy 
of General Electric's extraction turbines 
is especially evident in this sort of ap- 


Extraction Control Valve Gear 


Diaphragm 
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plication where demands for steam may 
fluctuate over wide ranges. Yet extrac- 
tion pressures will be held constant at 
the desired settings. The turbine control 
system can be designed to maintain con- 
stant speed or load, or extraction pres- 
sures, or exhaust pressures, or a com- 
bination of these over a wide range of 
process steam requirements or electrical 
load. 
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Sectional view of General Electric single-automatic-extraction, noncondensing steam turbine. 


Pressure balancing hole 
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One of General Electric's first outdoor 


Occasionally, certain modifications must 
be made to a turbine-generator unit to 
adapt it to the special requirements of 
a customer. Because of extreme flexi- 
bility in the design and manufacture of 
General Electric turbines, almost any 
special needs can be met. Here are a 





A turbine designed for mixed pressure 
makes good use of a supply of low-pres- 
sure steam which might otherwise be 
wasted. The turbine is equipped with 
two steam inlets. One admits steam at 
station pressure; the other inlet admits 
low-pressure steam. The turbine gover- 
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mor is arranged so that any supply of 
low-pressure steam is fully used before 
high-pressure steam is admitted to the 
turbine. The turbine will run at full 
load on either low-pressure, high-pres- 
sure or a combination of steam pres- 
sures, to give you maximum station effi- 
ciency. 





A mixed-pressure extraction turbine is 
generally applied when low-pressure 
steam is required for process use, and 
where the supply is variable. If the 
available supply of low-pressure steam 
exceeds the process requirements, the 


r installations of turbine-generators. General Electri 








can design а 
turbine-generator to operate outdoors in climates ranging from heavy sond-storm areas to areas with 
temperatures as low as —40 F. 


surplus is fed to the turbine, reducing 
the flow of high-pressure steam to the 
turbine. However, if the quantity of 
low-pressure steam is insufficient for 
process requirements, the difference is 
extracted from the turbine. Improved 
plant efficiency results from the produc- 
tion of power from surplus low-pressure 
steam, or the use of extracted steam for 
plant processes. 





OUTDOOR INSTALLAT S 

G.E. has installed over 40 outdoor tur- 
bine-generators which are operating suc- 
cessfully under a variety of conditions. 


One unit operates in an area subject 











To Fill À Variety of Needs 





A recent General Electric geared turbine-generator installation producing 25-cycle power in a steel plant. 


to heavy sand storms; another is on 
the seacoast, where salt water corrosion 
is the major problem; and a third unit 
is designed for operation at tempera- 
tures as low as —40 F. 


Weatherproofed housings on G-E out- 
door units are designed to help protect 
turbine-generators from the elements, 
and at the same time provide easy ac- 
cess for routine servicing of valve gear, 
control mechanism, and the exciter. 


Whether turbine-generators are re- 
quired for indoor or outdoor service, 
General Electric is ready with the most 
advanced turbine-generators available. 


25-CYCLE OR DC GEARED 
TURBINE-GENERATORS 

The 25-cycle or DC geared turbine- 
generators are driven at speeds lower 
than normal turbine speeds through 
General Electric single-reduction helical 
gears. High-speed helical gears are a 
G-E specialty. Built to rigid standards 
of tooth spacing, high-quality surface 
finish, and precision, these gears bring 
you reliability, efficiency, quiet opera- 
tion, long life and low maintenance. 


LOW PRESSURE 


Where there is a steady supply of low- 
pressure steam from the exhaust of re- 
ciprocating engines or other sources, 


which would be wasted to atmosphere, 
the plant efficiency can be improved 
and the capacity increased by the in- 
stallation of a low-pressure turbine, 
While such an installation would not 
affect the boiler plant, a condenser for 
the turbine would be required. Since the 
low-pressure turbine will produce power 
without increasing the steam demands 
on the boilers, this is a source of eco- 
nomical by-product power. 


DUAL PRESSURE 


A dual pressure turbine is arranged to 
operate at either or both of two steam 
pressures, with or without minor changes 
in the turbine. 








What Accurate Turbine Governing 


Completely successful turbine perfor- 
mance and maximum operating econ- 
omy depend on a highly accurate and 
stable governing system. The govern- 
ing system should perform three func- 
tions which all add up to operating 
economy. 

1. Constant frequency is essential for 
the successful operation of any elec- 
trical system. The parallel operation of 
turbine-generators, the holding constant 
of the output of driven equipment such 
as paper machines and pumps, and the 
operation of such special machines as 


Starting and 
Load Limit 
Hand-Wheel 


Means to You 


WHY IT IS IMPORTANT 


synthetic fiber spinning equipment, re- 
quire the most accurate governing. The 
General Electric mechanical -hydraulic 
governing system, shown on these pages, 
holds electrical frequencies constant 
within any plant requirement. 


2. Accurate governing is needed to 
hold inlet, extraction or exhaust pres- 
sures constant on automatic extraction 
units, 


3. The governing system must react 
quickly after a change in system con- 
ditions, The sensitive mechanical-hy- 


draulic system has a high speed of re- 
sponse so that it can handle changes 
in turbine operating conditions faster 
than any other system, 

These are just three of the reasons 
why accurate governing is so important. 
The speed of response, accuracy and 
flexibility of this system are so great that 
GE. builds this same basic governing 
system into all of its turbine-generators 
regardless of size, 

‘The following pages show some of 
the features which make General Elec- 
tric turbines more accurate and stable. 


ction of front standard of General Elec- 
showing mechanical-hydraulic 
governing system. 
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HOW THE TURBINE GOVERNOR OPER- 
ATES. During starting, the operator 
brings the turbine up to rated speed by 
turning the starting handwheel. The 
main pump supplies oil to the system 
through the load limit pilot valve. If the 
turbine tends to slow down with in- 
creased load, the centrifugal speed gov- 
ernor, gear driven from the turbine shaft, 
opens the primary pilot valve wider. 
This valve admits oil to the primary re- 
lay cylinder which simultaneously opens 
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TURBINE SPEED GOVERNING 


the main pilot valve wider through a 
mechanical linkage and restores the pri- 
mary pilot valve bushing to a new posi- 
tion. Pressure is increased in the main 
cylinder which lifts the steam control 
valves and allows more steam to enter. 
When the main cylinder is lifted, it re- 
stores the main pilot valve to its con- 
trolling position and the system is in 
equilibrium at the new load. If the tur- 
bine tends to speed up on decreased 
load, the system operates in reverse. 














The mechanical speed governor, which 
is the heart of the regulating system 
on General Electric turbines, is gear- 
driven from the turbine shaft. It is, 
therefore, instantly responsive to any 
changes in turbine speed — relaying 





Centrifugal fly ball governor — heart of the 
speed regulating system. 


A pressure governor may be provided 
to control admission, extraction, inlet 
and exhaust pressures or a combination 
of these. It provides broad instanta- 
neous regulation. Also, settled regula- 





this information with accuracy and 
speed. 

The speed governor does no actual 
work, but merely signals changes to the 
primary rotating pilot valve, This is 
important, since the accuracy and re- 
liability of any governor varies in- 
versely with the amount of work re- 
quired of it. 

On General Electric turbines, the 
speed governor is of the centrifugal 
fly-ball type, and the centrifugal force 
is balanced by a spring between the 
weights. When a turbine is operating 
alone, the governor holds the speed 
essentially constant even when load on 
the turbine varies, In fact, response to 
load changes is so fast that the turbine 
speed will be held below trip speed 
even though full load is dropped from 
the generator instantaneously. 

The primary rotating pilot valve 
moves against fluid friction only, since 
it is floating on a film of oil, instead of 
having to move against the higher forces 


tion is held within narrow limits, in 
terms of steam pressure change versus 
governor signals. 

Any change in steam pressure will 
cause a movement of the bellows in the 





ive pressure governors must respond accurately to the slightest change in steam pressure. 
This G-E governor can be adjusted to control pressure at any load withi 





the design range. 





involved in rubbing friction. In addition, 
the rotation of the pilot valve scrubs 
away any sludge or varnish which would 
form if it were stationary. These de- 
posits would increase the friction of a 
stationary valve and make it bind. 

In addition to high accuracy and 
quick relaying, safety and dependabil- 
ity are increased by the governing sys- 
tem's insensitivity to dirt or changes 
in oil viscosity. This assures you of 
reliability over the life of the unit. 

When operating in parallel with 
other units, turbine speed is determined 
by the frequency of the system, the 
governor controlling the load on the 
generator. A motor-operated synchro- 
nizing device, controlled from the 
switchboard, is used to vary the speed 
when synchronizing, and to vary the 
load after synchronizing. 


Governing refinements are but one 
of G.E.’s major contributions to turbine- 
generator efficiency and accuracy. 


pressure governor. The maximum bel- 
lows travel required is only sixteen 
thousandths of an inch, This contributes 
to the governor’s durability and relia- 
bility because it imposes only negligible 
stress on the bellows. This minute travel 
is amplified and relayed to the inter- 
connecting mechanism of the governing 
system to obtain rapid return to the de- 
sired constant pressure. 

The pressure governor may be set to 
control pressure at any level within the 
design pressure range by adjustment 
of the loading spring. The range of 
adjustment of both instantaneous and 
settled regulation is very broad and the 
springs can be adjusted to provide: (1) 
increase of pressure with increased 
flow, (2) no change of pressure through 
the flow range, or (3) decreasing pres- 
sure with increased flow. In addition, 
the time rate of correction is adjustable 
so that the pressure governor and its 
control mechanism may be operated at 
the optimum rate of correction per- 
mitted by the piping system to which 
it is connected. 

The pressure governor can be ad- 
justed to parallel other equipment in- 
cluding turbine-generator sets or pres- 
sure reducing stations. 

The pressure governor provides a 
flexible, rapid, more accurate and moré 
reliable means of holding constant steam 
pressure. 


OVERSPEED GOVERNOR AND STOP VALVE 
BETTER PROTECTION AGAINST OVERSPEED 


Adequate protection of turbine-genera- 
tors against overspeed requires two in- 
dependent governors. Double protection 
against overspeed is provided by G.E.'s 
extremely reliable governing system 
and control valves, and by an overspeed 
governor and quick-closing throttle or 
stop valve. The latter operates entirely 
separately from the main governing 
system. 

“The overspeed governor is adjusted 
to completely shut off steam if the 
turbine should exceed normal speed. 
It is usually set up to trip at 10 per- 
cent overspeed. Better overspeed pro- 
tection is provided by a bolt-type gov- 
ernor, consisting of a spring-opposed 
unbalanced weight, assembled in a cart- 
ridge and mounted in the turbine shaft. 
If the turbine speed increases beyond 
normal for any reason, centrifugal force 
causes the bolt to move outward and 
strike an emergency tripping device, 
which closes the throttle or stop valve, 
instantly shutting off all steam to the 
turbine. 

Since the overspeed governor oper- 
ates in an oil atmosphere, the possibil- 
ity of rusting or sticking is minimized, 
and more reliable operation is assured. 


OIL-OPERATED STOP VALVES 


The stop valve has just two impor- 
tant functions: to admit steam to the 
turbine during operation, and to shut 
off steam quickly and completely when 
necessary. General Electric oil-oper- 
ated, quick-closing, stem-sealed stop 
valves are designed and manufactured 
to perform these functions in the safest 
and most efficient manner. 

"The stop valve has two positions — 
either completely open or fully closed; 
it is not used as a throttle valve. The 
stop valve is spring-loaded to assure 
better high speed closing when tripped 
by the emergency overspeed governor. 
The stop valve may also be tripped 
closed by hand at any time. 

The valve stem is made in two 
diameters to provide the stem-sealing 
feature. The transition in diameter 
forms a seating surface, so that at full 
opening there is no steam leakage along 
the stem. The stem-sealed feature pro- 
vides better protection against sticking 
of the stop valve. Large clearances on 
the upper part of the valve stem assures 
freedom of operation. As a further 
safety feature the stop valve is so de- 
signed that it cannot open unless the 
turbine control valves are closed. 

The stop valve is designed so that it 
can be tested periodically for freedom 


of action, while the turbine is carrying 
full load. This additional safety feature 
gives further assurance that the valve 
stem is free and ready to operate if 
tripped by any of the safety devices in 
the control system. 

The stop valve, which is usually 
located beneath the floor, is equipped 
with an internal steam strainer. A 
removable basket makes cleaning easy. 

Combined trip-throttle valves are 
used on smaller units, 

Castings for stop and trip throttle 
valves are subjected to critical tests, be- 
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fore they are even accepted for machin- 
ing. X-ray and magnetic particle tests 
are given to all valve castings to assure 
that the castings are free of any flaws 
which would permit steam leakage. 
Careful manufacturing plus quality con- 
trol produce a more completely reliable 
trip valve. The seating surface of the 
stop valve, plus its built-in pilot valve 
and the stem seal have contact areas, of 
hard faced material which resist erosion, 
corrosion, and mechanical damage. This 
assures a tight-valve seal, even after 
years of use. 
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This composite drawing shows how the emergency governor gives better protection against 
overspeed. If the turbine starts to overspeed, the bolt in the emergency governor moves out and 





trips а latch which cuts off the 





il pressure supply and dumps the oil from the valve. 
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TURBINE EXTRACTION GOVERNING 


You can be assured of accurate control 
of steam flow demands with this sensi- 
tive G-E governing system. 

The sensitive General Electric gov- 
erning system will act to satisfy the 
conditions for any combination of load 
and extraction steam flow demands 
within the limits of the turbine's capa- 
bility. 

During starting the operator brings 
the turbine up to rated speed by turning 
the hand wheel (1). The main pump 
(2) supplies oil to the system through 
the load limit pilot valve (3). 

If the turbine tends to slow down 
with increased load, the centrifugal 
speed governor, gear driven from the 
turbine shaft, opens the primary pilot 
valve wider (4). This valve meters oil 
to the primary relay cylinder (5) which 
simultaneously opens both the main 
inlet pilot valve (6) and the main ex- 
traction pilot valve (7) wider through a 
mechanical linkage and restores the pri- 
mary pilot valve bushing to a new posi- 
tion. 

Pressure is increased in the main 
inlet cylinder (8) and the main extrac- 
tion cylinder (9). This lifts the inlet 
(10) and extraction valve gears (11) 
and allows more steam to pass straight 
through the turbine. 

The areas under the valves and the 
mechanical linkages are so selected that 
this increased amount of steam flow will 
not cause the extraction pressure to be 
changed. 

When the main inlet cylinder and the 
main extraction cylinder are lifted, they 
restore the main extraction and main 
inlet pilot valves to their controlling 
positions. The system is then in equilib- 


rium with the new load. If the turbine 
tends to speed up on a decreased load, 
the system operates in reverse. 

The pressure governor (12) acts to 
maintain constant extraction pressure 
when the demand for steam flow from 
the extraction opening is changed. 

The valve located in the center of 
the pressure governor constantly meters 
a flow of oil. This oil flow maintains a 
certain pressure against the controlling 
bellows on either side of the governor. 
When the small bellows at the top of 
the governor detects a decrease in steam 
pressure, the plunger is allowed to move 
upward. This increases the flow of oil 
past the plunger and decreases the oil 
pressure on the two bottom bellows. 

The decrease in oil pressure expands 
the bellows, which, by mechanical link- 
age, moves the pressure relay pilot 
valve, Pressure is then increased in the 
pressure relay (13). This increased oil 
pressure causes the three arm lever 
(14) to rotate counterclockwise and 
at the same time restore the pilot valve 
to its controlling position. This motion 
of the three arm lever will cause the 
inlet steam control valve (15) to open 
and the extraction steam control valve 
(16) to close. The extraction pressure 
is thereby increased to the desired level. 

Since all of the pilot valves are 
restored to their controlling positions, 
the system is in equilibrium, the desired 
speed is maintained and the extraction 
pressure held constant despite these 
changes in load and extraction demand. 

1f the extraction pressure tends to in- 
crease because of a decrease in extrac- 
tion flow demand, the system operates 
in reverse. 
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Design and Application Flexibility Made 


For flexibility and high efficiency, Gen- 
eral Electric uses five types of valve 
gear. 

Each type of valve gear gives sec- 
tional nozzle control to assure top effi- 
ciency when the turbine or any of its 
stage groupings is operating with partial 
steam flow, Valves or ports are opened 


in sequence with controlled overlap so 
that smooth governing is obtained. 
Flexibility in the design of the cas- 
ings and governing systems permits se- 
lection of the proper type of valve gear 
for each application. Varying steam 
conditions also influence the selection 
of either bar-lift, cam-lift, spool or grid 


valve gear. For straight condensing and 
non-condensing turbines, one set of 
valves controls the steam flow, Оп au- 
tomatic extraction units, additional sets 
of valves control pressures at extraction 
and admission points by regulating the 
flow of steam to the stages that follow. 


| LEVER-OPERATED BAR-LIFT VALVE GEAR 


ШЕ; = Closing Springs 
\ 


if 










TH 


Stem Leak-off Chamber 


ЛИП 


Hardened Stem апа 
Bushing Packing 


Bor Lift 





Poppet Valve Steam Inlet 


Venturi Type Valve, 
Seats 


First Stage Nozzle 


Valves of lever-operated-bar-lift valve 
gear are lifted in sequence by the bar. 
A lever extends to the steam chest and 
is positioned by the hydraulic cylin- 


der under control of the governor. This 
permits the hydraulic cylinder to be 
safely away from the high temperatures 
and pressures of the steam parts. 
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Possible by Five Types of Valve Gear 


CAM-LIFT VALVE GEAR 


Cam Shaft 


Steam Leak-off Line 


Steam Chest 


Single Plane 
Expansion Joint 







Sequential Cams 


Valve Closing Springs 


High Temperature 
Separator 


The valves in cam-lift valve gear are 
lifted in sequence by cams on a shaft. 
The cam shaft is rotated by a rack and 
gear arrangement which connects it to 
the operating cylinder. A return spring 
provides the downward force to close 


each steam valve. As a further protec- 
tion, a hook on each cam lever exerts an 
additional closing force to press any 
valve back into the return position, if it 
should fail to return automatically. 





DIRECT-OPERATED 
BAR-LIFT VALVE GEAR 


Direct-operated-bar-lift valve gear is 
usually used with lower steam pressures 
and temperatures and lower flows. 
Valves are lifted in sequence by the 
bar, which is raised or lowered by a 
hydraulic cylinder, under control of the 
governor. 


SPOOL-VALVE GEAR 


Spool valves are used on the extrac- 
tion turbines to handle large volume 
flows of intermediate or low pressure 
steam. The spool valve is double seat- 
ing which greatly increases the total 
valve area. 


GRID-VALVE GEAR 


Grid valves are occasionally used on 
extraction turbines to handle large vol- 
umes of very low-pressure steam, Valve 
ports are opened and closed in sequence 
when the grid valve is rotated by the 
operating mechanism, 
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General Electric single-automatic-extraction steam turbine-generator in the plant of а pulp and paper manufacturer. 


G-E Turbine Governing Design Pays Off 
with Stable Frequency, Accurate Extraction 
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erning equipment keeps pressure constant. 
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Frequency stays constant at 60 cycles while the 
kilowatt load fluctuates. 
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Stable 60 cycle electric frequency and 
precisely controlled extraction steam 
pressure are essential in manufacturing 
processes in the pulp and paper indus- 
try. The General Electric turbine-gen- 
erator installation at the plant of such 
a manufacturer in the northwestern part 
of the United States demonstrates the 
precise performance made possible by 
G.E governing equipment. The charts 
show a typical day in turbine perfor- 
mance at this installation. Mill demands 
for extracted steam at the General Elec- 
tric 12,500-kw turbine-generator fluc- 
tuated over a wide range. During the 
entire 24 hour period the sensitive G-E 
governing equipment held the extracted 
steam pressure at 44 psig. 

The charts show too that the fre- 
quency of the generated electricity was 
held precisely at the desired 60 cycles, 
despite the widely fluctuating kilowatt 
load demanded of the turbine. 

This is the kind of precise control 
that pays off where stable frequency 
and constant extraction pressures are so 
essential to product quality. This per- 
formance is made possible through the 
simple three arm mechanism on G-E 
turbines which transmits immediately 
any signal, no matter how slight it may 
be, from the pressure governor to the 
inlet and extraction control valves. 


This response is so fast that the tur- 
bine speed will be held below trip speed 
even though full load is dropped in- 
stantly from the generator. When emer- 
gency conditions occur, this control sys- 
tem helps the turbine "ride through" 
automatically. 

The manufacturer, whose installation 
is illustrated here, produces kraft paper- 
board, bleached pulp, plywood and simi- 
lar forest products at this plant. Two 
5,000-kw General Electric turbine-gen- 
erators were already in operation at this 
plant when the 12,500-kw unit was put 
into operation. It was the performance 
of these two earlier units which influ- 
enced this manufacturer to rely again 
on precisely controlled General Electric 
automatic extraction turbine-generators 
for production line product quality con- 
trol. 


Regardless of what your plant manu. 
factures, such results are possible for 
your processing too. If you have a 
need for such precise frequency and 
steam extraction control, contact a G-E 
application engineer and he will work 
with your consultants to determine the 
combination of pressures, temperatures 
and equipment best for your plant. 


General Electric, in the early days of 
the turbine industry, pioneered the im- 
pulse design and put its first large unit 
of this type into service in 1903. This 
development helped establish the steam 
turbine as the predominant primemover 
in American power stations. 

In the G-E impulse turbine, the steam 
expands in the stationary nozzles, rather 
than in the buckets. Expanding in the 
nozzles, the steam attains a relatively 
high jet velocity, and is directed into 
the rotating buckets. 

This gives the G-E impulse turbine 
many important advantages. Because 
the steam expands through the nozzles, 
pressure unbalances are across the sta- 
tionary part of the turbine. This means 
that the axial thrust of the rotor is held 
to a minimum, eliminating wear on the 
thrust bearing and increasing its life. 
Maintenance and the need for adjusting 


Magnetic particle test of shaft and solid rotor forgings will reveal 
any defects in the metal. This test is given to all rotors before 


and after final machining. 


thrust bearings is practically eliminated. 


Here is another advantage of G-E 
impulse turbines — because steam ex- 
pansion is in the diaphragm, the in- 
ternal steam seal is around the small 
diameter of the shaft, rather than 
around the larger diameter of the rotor. 
This results in an inherently high-effi- 
ciency turbine, because any steam leak- 
age which might occur is restricted to 
small areas. Since tight sealing is not 
essential around the buckets — where 
years of operation could easily reduce 
sealing effectiveness — turbine effi- 
ciency remains high. 

Because the thrust bearing has long 
life, it maintains the correct axial clear- 
ance between rotating wheels and sta- 
tionary nozzle diaphragms—giving high 
efficiency at all operating conditions, 
and through total turbine life. 


The turbine casing is split along the 
horizontal center line to provide easy 
disassembly for scheduled inspections. 
Piping connections, wherever possible, 
are made to the lower-half of the cas- 
ing. 

Axial alignment of the turbine and 
rotating parts is maintained by anchor- 
ing the low-pressure end of the turbine 
to sole plates, and supporting the high- 
pressure end flexibly, to accommodate 
the axial expansion which accompanies 
temperature variations. 

Each component of the turbine is 
produced by people with outstanding 
skill at their job; from materials which 
have received numerous and frequent 
checks for quality; and in many cases 
from tools designed especially for their 
task, When you invest in a General 
Electric turbine-generator, you know 
you are getting the best. 





Solid rotor forgings undergo a rough machining after having 
passed many previous fests to assure high quality. 
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After final machining all turbine rotors are sub- 
jected to a heat stabilization test.. This test 
removes any stresses set up during mac 
and assures that the rotor will run true when 






in operation. 


Either solid or shrunk-on wheel con- 
struction is used for G-E turbines, С.Е. 
uses both these rotor designs to provide 
flexibility in application, 


Where shrunk-on rotor construction 
is used, General Electric selects wheel 
forgings which have been very thor- 
oughly worked and tested at the forge 
shop. Test coupons cut from wheel forg- 
ings are tested in the laboratory to deter- 
mine that the forging has the right met- 





Since all the mechanical power pro- 
duced by the steam turbine originates 
in the turbine rotor, the design, and 
the materials and manufacturing meth- 
ods used, and the constant control of 
quality during manufacture are of ex- 
treme importance in the life, efficiency 
and reliability of the turbine. 


The high-quality forgings which G.E. 
selects for rotor shafts have already 
received thorough “working” at the forge 
shop resulting in great refinement of 
the grain of the metal. Before General 
Electric accepts a rotor forging, it must 
have met our standards on ultra-sonic, 
heat stability, physical and chemical 
properties, and magnetic particle tests 


allurgical properties to meet General 
Electric’s high specifications. 


The wheel is machined, dovetail 
grooves accurately turned, and the bore 
carefully ground, After the buckets are 
assembled on the completed wheel, it 
is statically balanced before being 
placed on the turbine shaft, To as- 
semble the wheels, the bore of each 
wheel is expanded by heating. The 


at the forge shop. These tests, as well 
as others, are repeated in our own fac- 
tory to assure a sound rotor. 


Heat stabilization is one of the most 
important of these tests. The rotor, 
after rough machining, is placed in a 
special lathe and rotated slowly while 
its temperature is gradually raised in 
excess of the temperature at which it 
will operate. The forging is then slowly 
cooled and indicators track the straight- 
ness of the rotor, to make certain that 
when machined and in actual operation, 
your rotor will run true. After final 
machining, the finished shaft is again 
heated, and if the rotor goes out of 
shape by more than one-thousandth of 
an inch, the shaft is not acceptable. 


wheel is placed on the shaft and spacing 
gages are used for accurate assembly. 
As it cools, the wheel firmly grips the 
shaft. Keys provide additional security, 


The form or shape of turbine buc- 
kets, the material from which they are 
made, and the way in which they are 
fastened in place on the wheel play 
a great part in the efficiency and life of 


a turbine. 





After final machining and balancing the wheel is expanded by 
heating for shrinking onto the turbine shaft. 





Turbine buckets 
sembled on wheel 


g assembled on wheel. After buckets are as- 
shroud, bands are riveted in place. 
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General Electric has carried on a 
diversified test program for over thirty 
years, devoted entirely to constantly 
improving the design of the buckets 
and the materials from which they are 
made, This means that General Elec- 
tric turbines give maximum wheel effi- 
ciency consistent with more reliable 
operation, 


Special chrome alloy bar stock, 
which is particularly resistant to cor- 
rosion and erosion by steam, is selected 
for all turbine buckets. After the stock 
has been shaped into buckets by the 
most precise machining, each bucket is 
given a magnetic particle test which re- 
veals any defects not otherwise visible. 
Each bucket is then individually in- 


spected, and any defective buckets are 
immediately rejected. 


Buckets in the wet steam regions are 
given a shot peening. This hardens and 
strengthens the buckets to withstand 
long wear. After careful.weighing, buck- 
ets are assembled on the wheels. The 
dovetail on each bucket is engaged with 
the dovetail groove on the wheel, to 
form a secure attachment. Construc- 
tion of the wheel is completed by en- 
closing the steam passages with a shroud 
band which is riveted to the tips of the 
buckets, giving extra rigidity to the 
buckets. Because each component of 
the finished rotor has been carefully 
balanced — shaft, wheels, and buckets 
— the assembled rotor usually requires 
only a minimum of balancing. 





‘After wheel has been expanded it is lowered 
into place, positioned, cooled and shrunk onto 
the shaft. 








Before each wheel is shrunk onto the shaft its position must be deter 
mined with extreme accuracy. Spacing gages are used to position the 


wheels to within .001 inch. 





The rotor is given an operating speed run for the final balance test. 





Buckets are tested for their natural vibration frequency. This natural 
vibration is then adjusted a safe distance from the turbine's operating 


Frequency to prevent the occurrence of damaging stresses. 





Turbine rotor being assembled in the shell and casing. 
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G-E diaphragms are designed for el 








specific area and the blades must be set a! a precise pitch to assure efficiency. 





Diaphragm being sul 
operating stresses. 
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ted to а 200 percent overload pressure test to assure it will withstand 


There are many variables which have 
to be considered in determining the 
most efficient nozzle areas and the cor- 
rect angle of discharge from the nozzles 
into the adjacent buckets; for instance, 
volume of steam, the speed of the ad- 
jacent buckets, and the steam pressure 
ahead of the diaphragm. General Elec- 
tric, through continuous research, test- 
ing, and developing, is able to design 
and manufacture, for each turbine, noz- 
zles and diaphragms which best meet 
all of these considerations and contrib- 
ute to highest overall turbine efficiency, 


In the high-pressure end of the tur- 
bine, nozzles are incorporated into the 
diaphragm by welding. 


Chrome-iron alloy is used for all 
nozzle partitions. After machining, these 
partitions are assembled in punched 
bands and welded in position. 


Depending upon steam conditions, 
the outer rings and webs may be either 
cast iron or cast steel In the low- 
pressure section of a turbine, the noz- 
zles are cast-in. In this process the noz- 
zles become an integral part of the cast 
diaphragm. 


The rigid construction and constant 
quality-control checks of the nozzles 
and diaphragms during manufacture re- 
sult in accurately shaped and sized 
nozzle passages, which are essential to 
turbine efficiency. 


Here are some other manufacturing 
and assembly procedures which help 
add to turbine efficiency: Sample nozzle 
diaphragms are tested periodically. 
These nozzle diaphragms are submitted 
to an over-pressure test of approxi- 
mately 200 percent normal operating 
pressure, to assure operating reliability, 


The diaphragms, when assembled in 
the turbine, are supported at the center- 
line of the turbine casing on adjustable 
screws, so that shaft clearances are 
maintained during temperature changes. 
This is important in maintaining tur- 
bine efficiency. 





Packing in General Electric turbines is 
of the metallic labyrinth type, spring- 
backed from the diaphragm (and the 
casing, where the shaft passes through 
the casing). The seal edges face toward 
the shaft. The packings are made from 
special alloys, designed to operate in 
very close proximity to the shaft, main- 


shoft passes 





through turbine casing. 





taining the required seal, without caus- 
ing any damage to the packing or the 
shaft. Tooth construction is almost 
exclusively of the high-low type, with 
the high tooth projecting into a groove 
in the shaft, and the low tooth extremely 
close to the shaft surface, This arrange- 
ment offers a maximum protection 








against steam leakage and resultant 
loss of energy. 

High-low construction of the teeth, 
plus spring-backing of the packing re- 
sults in sustained efficiency, since this 
type of packing is much less sensitive 
to variations in clearances than non- 
step-tooth packings. 








is the metallic labyrinth type, spring supported from the diaphragm or casing. 
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The journal bearings of each turbine 
are specially designed to provide long, 
more reliable operation. The bearings 
are constructed with spherical seatings. 
This allows easy alignment of the unit. 
The bearings are made of the highest 
quality babbitt centrifugally cast onto a 
steel backing. The babbitt is bonded to 
the backing assuring the best possible 
adhesion. 

The General Electric tapered-land- 
thrust bearings provide short axial 
length, low mechanical losses, high load 
carrying ability, simplicity and a solid 
steel backing. 









| Bearings are made of the highest quality babbit and as shown here are centrifugally cast onto а 

| steel backing. The G-E lubricating oil system is de- 
signed to provide the oil required to as- 
sure long, highly dependable unit oper- 
ation with a minimum of maintenance. 

The lubricating oil for the operating 
unit is provided by a shaft driven lube 
oil pump. During starting and stopping, 
a steam driven auxiliary pump fur- 
nishes the necessary oil. In addition 
a motor-driven pump can be provided 
if requiréd. 

The pump for the lubricating sys- 
tem is enclosed in the oil tank. The 
tank is designed to allow a minimum 
downward movement of the oil so that 
the air will detrain and any water will 
settle, The tank is also coated with a 
corrosion resistant material to help 
assure long life. 

In high temperature areas the lub- 
ricating oil passes through pipe lines 
which are enclosed in the drain lines. 
This reduces the possibility of high 
j pressure oil coming in contact with high 
e dk A + temperature metal. 


ities £ 





Dovetails are machined into the backing of the thrust bearings to provide a mechanical connection The drain lines are sloped to the oil 
БУУН ИЕ БЫРЫ Gn (feel. tank to help assure smooth drainage and 
are also designed to help prevent en- 
training air. 

The lubricating oil system is de- 
signed to provide the oil required to 
assure long, more dependable unit op- 
eration with a minimum of maintenance. 


High pressure oil piping is subjected to а hydro- 
static test to detect possible flaws. 








The turbine's high pressure casing is subjected to an X-ray test to detect possible internal flaws. 





To assure a minimum of maintenance, 
the exhaust casings are subject to tests 
similar to those for the high pressure 
casings, The design of the exhaust cas- 
ings include features to help prevent 
misalignment, to minimize thermal 
stresses, to help protect oil piping, to 
continuously drain water in the moisture 
region, to provide steam for feedwater 
heating pressures, to provide ample 
emergency protective relief pressure. A 
steam-tight horizontal joint is assured by 
machining the joints on a special grind- 
ing machine. In addition, the generous 
exhaust area gives the ultimate efficiency 
for the exhaust steam conditions. 

















With the growing trend to increases in 
steam pressures and temperatures, high 
quality steel castings are needed to in- 
sure safety and reliability. General Elec- 
tric subjects the steel castings for its tur- 
bines to a series of X-ray, magnetic par- 
ticle and hydrostatic tests at the foundry 
and at the factory. 

In addition, the design of the casing 
helps assure reliability and efficiency of 
the turbine over the life of the unit. 
Separation of the high pressure-temper- 
ature nozzle area from the casing walls, 
flexible expansion bend, minimum di- 
ameters and lengths, stepped flange 
thicknesses, large fillets, tapered thread 
bolting, double casing construction for 
extremely high pressures and tempera- 
tures and inwardly turned steam chest 
flanges all contribute to the mainte- 
nance of design clearances and a mini- 
mum of distortion. These features all 
help assure the high efficiency, long life, 
and minimum maintenance of General 
Electric casings. 


used to make the 





horizontal joints steam-tight. 


£ 


General Electric turbine-generators fit a wid 
15,000-kw unit is 
producing power for a steel company. 
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Precision manufacturing helps make Gen 
generators the best available. 
ator coils are being assembled in stat 
‘mes at the Lynn River Works generator ba 






frei 





Years of research, design, testing and manufacturing expe 


jence enable Gen 








al Electric to build gen- 


erators with efficiencies approaching 99 percent. This turbine-generator is producing power for a utility. 


General Electric generators are designed 
to provide a more reliable and efficient 
source of power. Maintenance during 
the life of the unit is kept to a minimum 
by the use of high quality material, 
careful construction and precise testing 
during manufacturing. Years of expe- 
rience in designing, manufacturing and 


testing have enabled General Electric 
to build generators with efficiencies 
approaching 99 percent. 

Valuable data obtained from the con- 
tinued testing of each unit is used to 
improve generator design. Improved 
materials are continually explored and 
new manufacturing methods are evolved 


to improve generator performance. 
Skilled factory craftsmanship and en- 
gineering leadership combine to give 
you the most for your generator dollar. 

The following pages detail a few of 
the features of General Electric gen- 
erators which help to make these units 
more reliable, efficient and easy to 
maintain. 
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End view cutaway of generator showing corner 
cooler posts. 


Armature 
End Turns 





The field and armature of the smaller 
rated generators are cooled by air. One 
vertical cooler is located in each one of 
the four corners on the standard genera- 
tor. 

The generator frame is constructed 
of a steel wrapper plate with internal 
bracings to provide a rigid structure. 
Vibration is kept to a minimum by ac- 
curate balance and tuning of the gen- 
erator frame, The airtight frame helps 
keep thegenerator clean and contributes 
to lowering its noise level. 

The water connections are placed at 
the bottom. This design eliminates un- 
sightly external water connections and 
makes it possible to remove a cooler 
through the top of the cooler post while 
the generator is operating. Even with 
one cooler section out of service the 
generator can produce 70-80 percent of 
jts kva rating and the water flow to the 
other coolers will remain the same, 


=> COOLER 





Generol Electric builds both air and hydrogen 
cooled generators. Both ventilation systems are 
designed to provide uniform cooling. 








Three-path ventilation system for uni- 
form cooling of the entire generator is 
shown on this diagram. Fans mounted 
at each end of the generator rotor force 
the cooling gas into three internal paths: 


1. Over the stator end-turns to passages 
between the core and wrapper plate, 
then radially inward through ducts in 
fhe laminations to the air gap, and 
radially outward through adjacent cool- 
ing ducts in the core. 


2. Over the stator and rotor surfaces of 
the air gap and radially outward through 
cooling passages of the stator core. 


3. Over the rotor end windings, through 
internal ventilating ducts of the rotor 
to the air gap, and through the discharge 
passages of the stator core. 




















On General Electric turbine-generators 
in the size range of 16,500 to 40,000 
kilowatts, hydrogen cooling can provide 
full load efficiency from one-half to one 
percent better than air-cooled machines 
of equivalent ratings. This can mean 
substantial annual fuel savings for users 
of units in this size range. 

Because the density of hydrogen is 
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Increased efficiency 


Lower windage losses 


Cleaner ventilating passages 


Minimum corona effect 


Low hydrogen consumption 


Increased safety and reliability 


only about one-fourteenth that of air 
at a given temperature and pressure, the 
use of hydrogen results in much lower 
generator windage losses. In addition 
to improving efficiency, this contributes 
to a lower noise level for hydrogen 
cooled generators. 

The corona effect is negligible and 
the armature insulation retains its flex- 





ibility for a longer period of time be- 
cause the windings are enveloped in a 
hydrogen atmosphere. Enclosed con- 
struction keeps out dirt and moisture, 
with the result that ventilating passages 
are cleaner, Hydrogen cooling is safer 
since commercially pure hydrogen will 
not support combustion. 





ine-generator installation in an electric utility. 


In many installations, the superior 
heat transfer of hydrogen cooling is par- 
ticularly advantageous in that it allows 
smaller generator size and weight and 
reduces the amount of cooling water 
required. 


HIGH PURITY, 
LOW CONSUMPTION 


The General Electric system maintains 
high hydrogen purity with the consump- 
tion of hydrogen kept to about 50 per- 
cent of other systems now in use. On 
many General Electric generators, cas- 
ing gas purity has been maintained 
above 99 percent with hydrogen con- 
sumption as low as 35 cubic feet per 
day when operating at 15 pounds 
pressure. 

G-E turbine-generators are able to 
achieve this performance through the 
combination of several important design 
features in the hydrogen system: 

A seal assembly at each end of the gen- 
erator prevents the escape of hydrogen 
from the casing along the rotor shaft. 
The seal, which is supported from the 
outer end shield, consists of a pair of 
bronze sealing rings with an internal 
diameter just a few thousandths of an 










End Shield 


Forged 
Integral 
Coupling 


inch larger than the shaft diameter. Oil, 
at a pressure about five psi above the 
hydrogen pressure in the casing, is sup- 
plied to the seal housing and enters the 
annular space between the sealing rings. 
It flows in both directions between the 
sealing rings and the shaft, preventing 
the loss of gas. The bearing is entirely 
external and separated from the shaft 
seal and may be inspected without re- 
moving the gas from the generator. 

Further, a seal oil system constantly 
and automatically frees the oil of en- 
trained air and gas as it returns from 
the generator. This separated air and 
gas is vented to the atmosphere. 

A gas control system feeds hydrogen 
into the generator at 99.6 percent purity 
after the system has been purged of air 
by CO». Moisture is removed from cas- 
ing gas by a gas dryer. To help prevent 
contamination of casing gas with air, a 
small constant flow of hydrogen is con- 
tinuously scavenged to atmosphere 
through monitoring flow meters and 
analyzers. 

Finally, nine automatic protective 
devices give the operator immediate 
warning of any unusual mechanical or 
operational condition. 
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Core Compression Flange 


Cutaway view of hydrogen-cooled generator. 





Seal-cil control system for hydrogen cooled gen- 
erator. The seal oil prevents the escape of hy- 
drogen from the generator and the entry of air, 
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The accepted rotor forging 
the forging. 


The combination of large rotor sizes 
and high speeds makes it essential that 
the rotor be machined with the utmost 
care. The pole faces, journals, integral 
flanged coupling, and collector rings 
must be concentric to minimize vibra- 
tion and noise. 

Proper cutting of the slots for the 
field windings contributes to the balance 






me Š 
п an ultrasonic test to detect small flaws which might be present 


of the rotor. Special milling machines 
with cutters 180 degrees apart on the 
rotor are used to cut two slots at the 
same time. After each cut the rotor is 
turned so that adjacent slots will be 
milled by alternate cutters. This equal- 
izes any unbalance effect which might 
be caused by any difference in wear of 
the cutters. 





Each rotor forging is tested for tensile, 
yield and impact strength at the forge 
shop. These tests are repeated at the 
factory to ensure that the rotor will 
meet the high General Electric stand- 
ards. 

The accepted rotor forging is first 
rough machined and then given an ultra- 
sonic test. This test detects any small 
flaws that might be present deep within 
the forging. 

These careful tests are vital because 
each rotor must support loads of many 
millions of pounds. 


A magnaflux test is then made on the 
completely exposed surface of the rotor. 
The purpose of this test is to discover 
any surface flaws on the rotor. Thus 
through the ultrasonic and magnaflux 
tests any flaws in the rotor are detected 
before the manufacturing process ad- 
vances any further. 





Each G-E generator rotor is machined with extreme care. Special milling machines 
with cutters 180 degrees apart cut two slots at the same time on the rotor. 
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The collector rings are the electric con- 
nection between the generator field and 
exciter. Carefully machined forged steel 
rings are shrunk on over a one-piece, 
molded-mica sleeve. The mica sleeve 
serves to insulate both the collector 
rings and the collector leads from the 
rotor shaft. The assembled collector is 
then shrunk onto the generator shaft 
and the collector leads are silver brazed 
to the collector rings. This assembly 
provides maximum reliability for this 
vital link in the generator construction. 


‘The generator insulation makes up only 
about one percent of the generator's 
weight, but the slightest flaw in the in- 
sulation could cause a failure of the 
whole unit. “his means the highest 
quality insulating material must be used 
and the greatest of care must be taken 
in applying it to the field and armature. 

General Electric uses mica formed 
into tape, plus other inorganic material 
such as glass and asbestos as insulation. 
Mica has an extremely high resistance 
to the flow of electricity, high dielectric 
strength and high resistance to thermal 
aging and corona. 

The rotor windings that carry the 
field current are formed on special wind- 
ing machines from heavy rectangular 
silver-bearing, copper alloy. This spe- 
cial alloy is used to help prevent break- 





Helical grooves are cut into the face 
of the collector rings. These grooves 
help keep dust and dirt from getting be- 
tween the collector rings and the carbon 
brushes which come in contact with 
them. This feature adds to the reliabil- 
ity of the unit and lowers maintenance 
expense. 

A fabricated steel enclosure, extend- 
ing from the generator end shield to the 
exciter, adds to the protection of the 
collector against dust and corrosive 
atmosphere, and completes the exciter 
and collector ventilation circuit. 


age of the turns under prolonged stress 
and high temperature. After forming, 
the coils are annealed. This relieves the 
stiffness at the turns and allows the 
coils to fit easily into the rotor slots and 
lie flat. All foreign material and sharp 
edges are removed from the windings to 
help prevent any insulation damage. 

To insulate the field coils from the 
core, the rotor slots are lined with a 
heavy slot armor molded from mica and 
glass. The coils are then laid in the 
slots, one turn at a time, and carefully 
pressed into position, to prevent any 
kinks or bends in the top turns during 
operation. The windings are held in the 
slots by metal wedges and the end turns 
held in position axially by special blocks, 
The assembly is then given short-circuit 
and high potential tests at 3500 volts a-c. 





The collector is assembled by skilled craftsmen 
and then shrunk on the generator shaft. 


The field is then baked for several 
days at a temperature much higher than 
it will be subjected to during actual 
operation. The baking process drives 
out any solvents or moisture in the field 
which would shorten insulation life, 

The end turns of the windings are 
held in place by retaining rings shrunk 
on centering rings. The retaining rings 
are of high quality steel. They are given 
extensive strength tests and a fluores- 
cent penetrant test to detect surface 
flaws. Non-magnetic retaining rings are 
used to reduce the size and weight of the 
generator and to reduce end heating 
effects at leading power factors, 

Fans, mounted at each end of the 
rotor, circulate the cooling medium (air 
or hydrogen) throughout the generator 
and coolers, 


Field coils are laid in the rotor slots one at a time and carefully pressed into position. 
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oriented strip steel, used for stator punch- 
а manner designed to 








ings, 
reduce losses and improve current flow. 


To assure maximum life for the arma- 
ture windings — which carry larger cur- 
rents than the rotor windings and must 
therefore be of a larger size — the fol- 
lowing processes are used: 

1. The copper for each bar is sub- 
divided into small strands, each insu- 
lated from the others, This prevents 
overheating which might be caused by 
uneven distribution of the a-c current 
throughout the cross-section of the bar 
in the slot. On the larger generators, 
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It is now possible to build units with 
both greater efficiency and higher rat- 
ings without increasing the generator 
size, by the use of oriented-grain strip 
steel for the stator punchings. 


Core losses have been reduced by 
about 30 percent and the exciting cur- 
rent for the stator core iron by more 
than 50 percent through the use of this 
steel. It is also possible to reduce core 
losses and lower field current on exist- 
ing sizes by the use of oriented-grain 
strip steel. Oriented-grain strip steel 
has a unique grain size and grain align- 
ment which result in reduced losses and 
improved magnetizing properties when 
magnetic flux flows parallel to the grain 
direction, These stator punchings are 
cut from the steel in such a manner that 


where this precaution alone would be 
inadequate, the strands within the bar 
are transposed. This completely neu- 
tralizes the effect of uneven current dis- 
tribution in the slots. 

2. The copper strands are covered 
with fiberglass or asbestos insulation 
and then carefully pressed into bars 
under heat and pressure. 

3. A low-voltage test is then made 
between each pair of strands to check 
against short circuits. 


Stator windings are inserted into open slots in the € 





the core flux will flow in the best direc- 
tion for low losses and exciting current. 

The generator stator core consists of 
thousands of thin silicon-steel lamina- 
tions insulated from each other and 
tightly compressed between heavy 
clamping flanges, The stator windings 
are inserted into open slots in this core 
and are held tightly in place with 
wedges, The wedges will stay tight 
despite the varying conditions of heat 
and moisture which occur in service. 

To insulate the stator punchings 
from each other, General Electric devel- 
oped a baking enamel containing silica, 
which provides excellent insulation in 
normal service. This enamel retains its 
excellent insulating properties even 
when subjected to extreme heat. 


4. After the bars have been shaped 
for insertion in the stator, they are 
wrapped with high-grade mica insulat- 
ing tape and treated under vacuum to 
remove all solvents and moisture. 

5. The bars are then impregnated 
with a high-temperature asphalt com- 
pound which is applied under pressure 
to assure compactness and freedom 
from voids. 


оге. 
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Cutaway view of air-cooled generator showing spring-mounted core. 


7. ASPRING-MOUNTED CORE IN A RIGID FRAME REDUCES NOISE AND VIBRATION 


The generator frame, which supports 
the weight of the stator, is fabricated 
from high quality steel plates and bars. 
Individual sections of the frame are 
gas-cut from steel plate and arc-welded 
to a heavy, cylindrical, rolled-steel 
wrapper plate, to assure structure of 
great strength and rigidity. The wrap- 
per plate itself forms the outer gener- 
ator cover, so that no separate lagging 
plates are required. The enclosures for 
the four poster coolers are fabricated 
as an integral part of the frame. This 
maintains the rigidity of the structure. 

When the generator is in operation, 
the enormous magnetic forces of the 
field poles tend to pull the stator core 
towards the center. Even though this 
deflection is only about two-thousandths 
of an inch, each point of the stator core 
is pulled in and released twice each 
revolution, setting up a vibration at a 
frequency of 120 cycles per second for 
3600 rpm generators. To help prevent 
this double frequency from being trans- 
mitted to the frame and to the founda- 
tion, General Electric, on its medium 
and large size units, uses spring-mount- 
ing of the core to contain any vibration 
within the generator. The only connec- 
tion between the stator core and the 


frame is through numerous flexible sup- 
ports or spring bars, which are spaced 
circumferentially around the inside of 
the stator frame, This mounting is rigid 
in the direction parallel to the shaft but 
flexible in the radial and tangential 
directions. 

The spring-mounted core reduces 
noise by reducing vibration of the ex- 
ternal parts. The integrally -cooled, 
totally-enclosed frame confines noise- 


The stator 
might cause noise. 


producing inner elements. Other design 
features of the generator help prevent 
natural frequencies near 60 or 120 
cycles per second. The external parts 
of the stator are “detuned” to decrease 
any external vibration or noise which 
might come from the generator. 

Skillful designing, precise manufac- 
turing, and careful testing are your as- 
surance of a more reliable, efficient 
General Electric generator. 
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General Electric turbine-generator ex- 
citers are designed to provide a more 
reliable source of excitation with a mini- 
mum of maintenance expense. 


Each exciter is designed specifically 
for the unit of which it is a part. The 
exciter's electrical characteristics are 
such that its voltage will be stable down 
to a value below the minimum required 
by the generator. It can also be used 
with a generator voltage regulator. 


The exciter is mounted on a shaft 
directly connected to the generator rotor 
through a flexible coupling which helps 
prevent transmission of any vibration 
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room-cooled exciter for air-cooled generators draws air from 


А G-E 15,000-kw turbine-generator installatior 









from one shaft to another, The exciter 
and generator collector rings are totally 
enclosed in a specially designed housing. 

The ventilation system is designed 
to help prevent contamination of the 
windings by dirt, oil, or carbon dust. A 
fan on the exciter shaft draws in room 
air through filters, thus excluding dirt. 
The discharge of the fan provides a 
positive pressure on the exciter bearings, 
reducing the possibility of oil vapor 
leakage. The flow of cooling air over the 
exciter is divided, with part passing 
through the windings and the remainder 
over the commutator. The air is then 
discharged into the room. The windings 








the room through 


in a steel plant in the Southwestern part of the United State 














exclusion filters. 


are kept free of carbon dust because 
none of the commutator cooling air 
passes over them. 


The housing is designed for conven- 
ience and easy accessibility. The light 
colored surface and interior lighting 
allow good visibility. The design of the 
housing doors provides ample room for 
any necessary adjustments. 


After assembly the exciter is sub- 
jected to test runs to check mechanical 
balance, saturation curve, regulation and 
full load heat performance. It is then 
given a final insulation resistance meas- 
urement and high potential test. 


To give each customer assurance of 
more reliable performance, all General 
Electric turbines and generators are sub- 
jected to exacting tests before shipment. 
AII the rotating parts are designed with 
adequate margins of safety at 120 per- 
cent rated speed. The overspeed tests 
are run at 110 percent of rated speed. 

The turbine is assembled at the fac- 
tory and operated under steam for me- 
chanical balance, checking of bearings, 
adjustment of the operating governor, 
adjustment of the overspeed governor 
and testing of the oil piping. 

The generator is assembled at the 
factory on a special dynamometer test 
base and subjected to no load electrical 
and loss measurement tests. At the same 
time the rotor is balanced to minimize 
vibration. 

The stator frame and other parts are 
subjected to vibration tests to elimi- 
nate any natural frequencies that might 
cause noise. New designs are given op- 
erating vibration and noise tests to 
maintain and improve these standards. 

After undergoing a field seasoning 
run at 125 degrees centigrade and a 
10 percent overspeed test the rotor is 
checked for final dynamic balance. Sat- 
uration and impedance curves are taken, 
and losses accurately measured with a 
dynamometer, Telephone interference 
factor, and voltage and current balance 
are checked. Then the generator is given 
another insulation resistance check and 
a final high potential test. 

New designs and selected units are 
tested at full rated load, and at various 
combinations of load and power factor; 
such as from zero power factor lagging 
to zero power factor leading. These 
tests permit accurate evaluations of 





Generator being tested at full rated load and at various combinations of load and power factor. 


winding temperature rises under load, 
and of end heating and losses at various 
power factors. 

All these tests, both on the turbine 
and generator, must be approved by the 
Engineering Division before the unit is 
moved from test. 

The exciter is assembled at the fac- 
tory and tested for mechanical balance, 
saturation curve, regulation, resistance 


measurements, high potential, and full 
load heat run. 

Such a testing procedure gives the 
greatest possible assurance of continu- 
ous more reliable service, low mainte- 
nance and long life. In addition, the 
testing process provides much valuable 
data which is continuously used to im- 
prove General Electric turbine-gener- 
ator design. 


‘The rotor is checked for final dynamic balance before assembly with the stator to reduce noise and assure smooth operation. 
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Preliminary run of turbine-generator unit prior to water rate test. 
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After all tests are completed the turbine is loaded onto a freight cor for 


shipment to the customer's plant. shipment to the customer. 








Two 10,000-kw General Electric turbine-generators. You can be assured of 
expert installation and start-up service by General Electric's turbine engineers. 
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| You Get More for Your Turbine Dollar 
| with G-E Turbine-Generators because: 


1. Every component is carefully designed and manufactured. 


2. Each unit is tested for more reliable, highly dependable 
performance. 


3. Efficiency of impulse turbines stays higher during entire life 
of units. 


4. You take advantage of General Electric's years of engineer- 
ing and design leadership in the turbine-generator field. 





5. You get assistance from G-E turbine engineers in selecting 
the best turbine for your needs. 





6. You get installation service from G-E engineers and super- 
vision of start-up of units. 


7. Service Shops and Engineering Service are available if you 
need them. 





Careful manufacturing, designing and testing of units assure you of more for your turbine dollar 
with General Electric turbine-generators. 
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handle any problems concerning your steam 
turbine-generator installation which might arise. 


The General Electric service 


Every turbine-generator built and sold 
by the General Electric Company is 
backed by the largest manufacturer of 
turbines in the world and by an out- 
standing service organization. The size 
and resources of this organization make 
it possible to give excellent service on 
machines in operation as well as en- 
gineering assistance on proposed instal- 
lations. 

General Electric has Managers of 
Turbine Installation and Field Service 
located in major cities throughout the 
United States. When maintenance atten- 
tion is needed on your turbine-generator 
these expert General Electric engineers 
are prepared to help get your unit back 
into operation promptly. They are so 
located that they can reach almost any 
turbine installation in the United States 
in a day — usually in a few hours. 

These turbine experts will answer 
any emergency call, analyze the prob- 
lems and supervise any necessary re- 
pairs. They may also be able to suggest 
new methods and safeguards in mainte- 
nance which will cut costs and avoid 
future operating troubles. You can also 


call on your General Electric turbine 
engineer for assistance and advice on 
proposed installations, 


When the Manager of Turbine In- 
stallation and Field Service receives a 
call for help he has at his disposal a 
staff of turbine supervisors. 


There are approximately 375 of these 
skilled supervisors located throughout 
the United States. The manager or 
supervisor also has the facilities of 32 
General Electric service shops and the 
main manufacturing plants to back him. 
These shops are located from coast to 
coast and are staffed by expert factory- 
trained turbine craftsmen capable of 
handling any emergency — from minor 
repairs to complete turbine overhaul. 
Facilities of the service shops are avail- 
able to you day and night, seven days a 
week. Work may be done on your 
premises or in the service shop. 


You can be assured of a minimum of 
shutdown time losses by calling on the 
facilities of this vast service system 
which are available to you with every 
General Electric steam turbine. 





shop, as well as the factory, is prepared to give service on machines in operation. 
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32 SERVICE SHOPS GIVE YOU COAST-TO-COAST SERVICE 
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General Electric turbine engineers and service shops are located from coast- 
to-coast, They are available for immediate service on your turbine-generator. 
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Experienced Workmanship goes into Every 
Component of G-E Turbine-Gen 


Y 


wy end shield of generator into Turbine buckets are precisely assembled by craftsmen with many years of experience. 
assembly. 





eer makes final adjustments on a G-E turbine-generator in а modern aluminum factory. Two G-E turbines are in the background. 


G-E turbine-generators bear evidence of the careful attention given to functional design and modern appearance as well as to operating effi- 


ciency and performance. 
SORE 
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